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ABSTRACT 

 This thesis examines the development of a requirements-based utility funding 

model for the U.S. Army. The inputs to the model would be real property information 

such as building category codes, square footage, and climate zone information. Using 

industry-accepted energy use intensity (EUI) standards, the model would provide energy 

usage levels. Using local energy cost information, the model would provide utility 

budgets for each building or for an entire garrison. Through the use of an objective 

funding model as opposed to using historical usages and costs, Army leadership could 

make better decisions, incentivize savings more directly, and hold facility managers more 

accountable. Additionally, the model could allow energy savings to be retained by those 

garrisons that achieve savings instead of those garrisons simply receiving less funding in 

future years. 
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EXECUTIVE SUMMARY 

The origin of this thesis was the goal of developing a process to reward garrisons 

that saved energy by allowing them to retain funding. As an Army installation energy 

manager for the past eight years, I was tasked with saving energy by implementing projects, 

refining existing systems, or enacting human behavior campaigns. During those years, I 

had numerous discussions with multiple garrison commanders and budget staff and saw 

genuine support for energy savings. However, it was clear that a key lever for getting things 

done at a garrison was money, and the existing utilities-funding process did not provide 

effective incentives. Primarily, there was no clear way to retain the saved costs. Even 

worse, the garrison was penalized by receiving lower funding the next year.  

After more research, the objective of the thesis shifted to a broader and more 

proactive approach of funding utilities which could address more foundational issues. 

Despite an increased percentage of onsite power from renewables or cogeneration, the vast 

majority of energy still comes from traditional sources, either produced on-site or bought 

from utility companies providing power as a commodity. Therefore, funding of utilities 

could be a key lever, as a carrot or a stick, to further the goals of energy and cost savings. 

But due to the current method of utility funding, that lever does not exist. Unlike most of 

a garrison’s annual budget request, utility commodity costs are not based on quantitative 

requirements. Instead, the utility budget of a garrison is based simply on prior years’ costs, 

plus an escalation factor. In addition, since utilities are a “must fund,” there is very little 

questioning of any overruns above the budgeted amount. This removes any incentive to 

delve into cost drivers or look for better business practices. So, the challenge of this thesis 

is to develop a requirements-based model for funding garrisons’ utilities. The basic idea is 

quite simple: use real property information (facility square footage, construction type, 

category code, and age), geographical climate data, and regional energy rates to produce a 

utility budget.  

The proposed process would still accomplish the goal of letting garrisons retain 

funding but would do so within a broader perspective that would also push for energy and 

cost savings from a programmatic standpoint. It my assertion that shifting the funding 
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method from a backward-looking, historical approach to a requirements-driven method 

may fundamentally change the paradigm for energy decision-making at garrisons. In 

essence, the approach would go from “how much did it cost?” to “how much should it 

cost?” This thesis develops a model and methodology for how this process could be 

established. 

The basic idea is to build a utility-funding model based on real property data, 

including square footage and building data such as age and category code, and climate data. 

This will be coupled with the Army’s Sustainable Design and Development Policy, which 

has energy utility intensities (EUI) per facility Category Code (CATCD) to develop an 

energy profile of an installation. This will be combined with regional energy-cost data to 

develop a “should cost” utility budget. By changing the budget model to a requirements-

driven model, the same kind of scrutiny that currently exists for custodial contracts, 

grounds maintenance, and other service contracts would become standard for utility-

funding outlays. 

The objective is to show a proof of concept of a model that could be implemented. 

While this thesis shows only one garrison (the Presidio of Monterey [POM]), the process 

could be used across the Army. It is unlikely that most garrisons are using less energy, and 

requiring less utility funding, than is possible if systems were running efficiently. This 

study includes a discussion of how to implement the proposed alternative utility funding 

process for the Army. Challenges and opportunities are reviewed, and the study provides 

conclusions and recommendations on how to move the process forward. The proposed 

process would be a transparent budgeting approach to funding utilities based on the actual 

facilities within that garrison.  

The potential benefits of a requirements-based model are numerous, namely an 

objective target budget, based on actual real-property assets instead of a budget based on 

just historical usage. This target budget would allow a comparison of what garrisons spend 

versus what they should spend, which could lead to greater accountability for usage. A 

detailed model could highlight which category codes or even which specific buildings are 

outside the expected range. By holding garrisons accountable to deviations from the target 
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budget, this requirements-based model would encourage conservation and may allow 

garrisons to retain funding for what they save.  

In fact, this model could assist with a long-standing goal for the Army: In December 

of 2010 the Department of the Army Headquarters (HQDA) issued Letter 420-10-1 

(referencing 10 USC 2912 among other documents) with the subject line “Identifying, 

Retaining, and Using Energy Savings at Army Installations.” The letter’s purpose 

statement reads: “This letter prescribes Army’s policy and procedures for identifying 

savings from an installation’s conservation efforts, for retaining those savings within an 

extended year account, and for using the savings captured in this account. This policy will 

be incorporated into the next revision of the AR 420-1, chapter 22” (Casey, 2010). The 

letter expired in December of 2012 following the August 2012 revision of the AR 420-1. 

That revision had no revised policy on retained energy savings. There was no follow-on 

guidance or explanation of why the letter was allowed to expire without defining a process. 

Changing from a backward-looking process to a requirements-based approach could 

provide a way forward on this goal.  

There are challenges with this approach, namely building an accurate model. This 

thesis includes a conceptual model, done simply in Microsoft Excel. It is meant to serve as 

a proof of concept, from which a more sophisticated model could be built. The model has 

three main components: Army building categories with their associated EUIs for the 

climate zone of the Presidio; real property data (building types, age, and square footage) 

and energy and cost data for these buildings; and the combining of the first two components 

to develop projected energy usage and costs for the facilities at the Presidio. The results of 

the model yielded a budget significantly lower than what was actual spent. This means that 

either the model was too aggressive, the base did not perform as well as it should have, or 

some combination of the two. Looking at a building by building comparison of projected 

versus actual, most of the facilities are not performing nearly as well as they need to. The 

positive take-away from this is that we can begin to develop a clear picture of how the 

individual facilities perform and how that aggregates to an overall garrison energy usage.  

If a requirement-based model was developed, it would not be advised to simply toss 

out the current system. Instead, the recommendation would be to run the current system 
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alongside a requirements-based model for a few years to see how they compare and to alert 

garrisons of how they are doing. This would phase the program in slowly to avoid pushback 

from the negatively affected Army installations. 

Reference

Casey, G. (December 13, 2010). Identifying, retaining, and using energy savings at army 
installations. [Letter]. Washington, DC: Department of the Army. 
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I. INTRODUCTION 

This thesis is an analysis of the current utility funding process within the U.S. 

Army’s Installation Management Command (IMCOM) and the impact that process has on 

utility costs, energy-conservation programs, and the ability to retain energy cost savings. It 

proposes an alternative method to fund utilities at Army installations more appropriately 

for their real property portfolio and could allow garrisons to retain energy cost savings. 

While existing Army policies mandate reductions in energy intensity, measured in energy 

consumption per square foot (Executive Order No. 13693, 2015), the utilities budgeting 

methodology does not actually encourage garrison commanders to reduce energy costs. 

Additionally, energy intensity, the metric used to track progress, can fluctuate widely based 

on factors outside the control of local garrison commanders, namely, square-footage 

allocations. Together, these factors are stifling the Army’s overall progress toward its 

stated energy-conservation goals and toward true energy cost savings. This thesis aims to 

demonstrate an alternative that would overcome these factors. 

A. BACKGROUND 

As in the rest of society, energy supports everything the Army does. Without it, 

lights would go out, communications would cease, and operations would grind to a halt. 

Therefore, the funding of utilities such as electricity and natural gas is foundational to the 

mission of the Army. In fact, the funding of these utilities is such a given that it is called a 

“must-fund” in the budget (Valine, 2017). But, as will be seen in this thesis, the 

development of the funding model relies almost totally on prior year costs instead of a 

forward-looking model.  

1. Energy Significance 

The U.S. Army spends over $1 billion (B) on utilities every year at their 

installations around the world, including payments for electricity, natural gas, coal, water, 

and, to a lesser degree, other utility commodities such as propane (S. Mandes, email to 

author, April 3, 2018). Over the past decade, there has been a strong push in the Army to 

reduce energy intensity at Army installations. Additionally, the Army, along with all 
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federal entities, is mandated by various policies to reduce energy intensity of its facilities 

(Executive Order No. 13693, 2015). The primary strategy used by the Army has been to 

implement energy-conservation measures and renewable-energy projects to reduce energy 

intensity. In addition to specified energy-intensity-reduction goals, there is also a desire for 

cost savings (Installation Management Command [IMCOM], 2018), although with no 

corresponding mandates. Additionally, climate change has been identified as a security 

threat due to sea-level rise, mass migrations, and possible geopolitical instability (Office 

of the Under Secretary of Defense [OUSD], 2015). Based on a broad consensus of the 

benefits of energy savings, it is likely that there will be continued pressure to reduce energy 

usage. The premise of this thesis is that the proposed budgetary method used by the Army, 

may be an effective way to induce energy and cost savings.  

2. Federal Legislation and Executive Orders  

There has been an abundance of federal legislation and executive guidance 

regarding energy conservation over the past 20 years, most significantly the Energy Policy 

Act of 2005, the Energy Independence Security Act of 2007, and Executive Orders 13423 

(2007) and 13693 (2015). Much of this legislation deals with energy-reduction goals and 

renewable-energy production. While these laws specify energy-intensity-reduction goals, 

they do not require cost-saving reductions. A deeper analysis of the legislation will be 

provided in the literature review of this paper.  

3. Army Regulations and Guidance  

Federal legislation and executive orders flow down to the Department of Defense, 

resulting in Army regulations and guidance. Among many memoranda, guidance letters, 

and directives on energy reductions, from various levels of Army leadership, two 

documents are most relevant for this thesis: The Department of the Army Headquarters 

(HQDA) Letter of December 2010 and the 2017 Sustainable Design and Development 

(SDD) Policy Memo. Both of these documents are summarized in the Literature Review 

section of this thesis. 
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4. Energy Savings Metrics 

The primary metric used by the federal government, and therefore the Army, is 

Energy Use Intensity (EUI) (Energy Independence Security Act [EISA], 2007). EUI is a 

measure of energy per facility area, typically in kilo-British thermal units (kBTU) per 

square foot. The rationale for EUI instead of total energy consumption is likely to provide 

a relative metric not dependent on required facility expansion or reduction. Like any metric, 

EUI poses challenges and has ways to be manipulated. While garrisons must report their 

energy usage (the numerator) each year, they have little control over their square footage 

(the denominator) because it is loaded from a central database. Base Realignment and 

Closure (BRAC) can cause the denominator of this metric to fluctuate from year to year, 

skewing the data. EUI can also be skewed by high-energy facilities and equipment, such 

as data centers or radar dishes, or low-consumption facilities, such as unconditioned 

warehouses or barracks that are empty for long periods of time due to troop deployments. 

The government has used this metric to assess progress relative to the installation’s 

individual baseline, not from an absolute benchmark.  

Focusing on EUI reductions also introduces a disconnect between energy and costs. 

The Army guidance driven by EISA, Executive Order 13423, and Executive Order 13693 

required a 3-percent EUI reduction per year over 10 years (2005‒2015) and a 2.5-percent 

EUI reduction from 2015 to 2025. However, since there is no penalty if cost savings are 

not achieved, cost-saving strategies may be neglected. This has led to a situation where 

energy savings, which are measured, are decoupled from energy costs.  

The Army’s energy goals and targets are reductions from a baseline year (Executive 

Order No. 13493, 2007, and Executive Order No.13693, 2015). The baseline is simply 

where that garrison’s EUI was at the baseline year. However, the baseline does not consider 

where the garrison energy usage should be. So, if the baseline year is high, it may be easy 

to make large reductions at the facilities. So, a garrison may look like it is doing really well 

in reducing energy when, in reality, it is simply getting closer to the level of energy use at 

which it should be. 
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The point is not that EUI is a bad metric, but that it does not present a complete 

picture. EUI can be a problematic metric since the denominator (square footage) can skew 

the data for reasons having nothing to do with energy usage. For example, empty 

warehouses or vacant buildings can bring the EUI down.  

Therefore, it would also be beneficial to track the total energy consumed. This 

would be easy, given that total energy is just the numerator in the EUI metric. But, at this 

time, it’s not a number that is given any emphasis by the Army. In order to incent garrisons 

to reduce their overall energy usage there should be some type of benefit. This would offset 

the current incentive for a garrison to “game the system,” for example, by keeping empty 

warehouses. It is vital to take into account incentives and metrics that the Army uses and 

how they affect the way energy managers approach their jobs. If energy intensity is 

measured but costs are not, there can be a tendency to focus on energy reduction but not 

cost reduction. With limited time and resources, an energy manager has to prioritize 

projects and efforts. However, these distorted incentives do not help the army achieve its 

energy and cost goals. 

5. Army Utility Funding 

The Army uses a Budget Requirements Model (BRM) to determine maintenance 

funding levels at installations (Beskow & McCarthy, 2014). This model takes into account 

the physical properties and actual quantities at a garrison, such as building square footage 

or number of employees, as the basis of requirements to establish funding levels. The 

model also considers variables such as building type. As an example, a Sustainment, 

Restoration, Modernization (SRM) budget should be calculated based on facility square 

footage and facility types. For example, a garrison receives an allocation of annual 

maintenance funds for storm drains based on the type and linear footage of pipe on the 

installation. 

Utility funding is done differently. Instead of being driven by requirements 

including facility square footage and building type utilities, budgets are developed based 

on historical costs (G. Kish, email to author, March 14, 2018). As noted in the executive 

summary, the current utility-funding process is backward looking. As such, funding is 
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based on the average of the previous four years of utility costs, plus an escalation factor 

based on estimated utility cost trends. During the literature review, no written explanation 

was found as to why utilities funding is not treated as a BRM. In my opinion, it is done for 

the following reasons.  

First, the current process is fairly simple, while developing a model based on 

requirements is challenging. Unless there are major changes to facility square footage or 

weather, using historical costs―with a nominal escalation factor―to estimate the current 

year’s utility costs should result in a relatively accurate budget. Due to the relative stability 

of an installation’s facility portfolio, population, and mission function, this funded amount 

will typically be quite close to what is needed. It should be noted that exceptions can occur 

for years of drastically different weather, large-scale troop deployments, or a large 

percentage of demolished or constructed facility square footage. So, the increased accuracy 

ends up discouraging energy cost and usage reductions. 

Second, utilities are considered a “must fund” account due to the necessity of 

keeping the power on. As the term implies, these funds are required for facility operations 

and will take precedence over other budgeted items. This differs from maintenance costs, 

which can be deferred. The garrison can prioritize certain repair projects and postpone 

others to a future year. However, this is not the case with utilities. The Army has to pay 

utility bills as they come in. And in the event that utility costs are more than anticipated, 

funding from other areas would be moved to pay for the utilities, or additional funding 

would be requested from headquarters.  

Another aspect of the traditional funding model is that the broad and diffuse nature 

of energy costs makes it challenging to identify an exact reason why the costs are what 

they are. In addition to actual energy usage, other factors cause costs go up and down, 

including utility rates, weather, occupant behavior, operational demands, occupancy levels 

of buildings, and a multitude of other reasons. Since it is difficult to pinpoint the exact 

cause of cost fluctuations, it is difficult for funding agencies to develop programs to reward 

savings retroactively. Therefore, it makes more sense to fund utilities with an objective 

target as proposed in this thesis, and let installations work within that constraint instead of 

trying to ask installations to prove savings after the fact and ask for funding rewards.  
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Even if utility costs do come in under the projections, the excess funds are difficult 

to utilize for anything else. This is because the funding type of utility costs uses the funding 

code QUTS and cannot be used for energy efficiency projects, which use the funding code 

QUTM (IMCOM, 2018). Difficulty is compounded because total savings would not be 

known until the end of the year, when executing projects is challenging.  

A final reason that utility contracts may escape some of the cost-cutting budget 

drills that other services, such as custodial or landscaping contracts, go through is that they 

are not fixed-price, regular contracts. So, it is not possible to negotiate an exact monthly 

price. Month-to-month utility costs are typically dynamic. Natural gas prices can fluctuate 

from month to month, electric tariffs are often based on time-of-use rates that vary 

depending on the season and the time of day. Thus, utility costs are typically not possible 

to set exactly in advance.  

Despite the obvious need to keep the power on to maintain the Army’s mission, 

there are some downsides to classifying utilities as “must fund.” First, it goes against the 

idea of a requirements-based model, which is the basis of budget funding throughout the 

government. Second, it allows utility budgets to avoid cost-cutting drills that are common 

across other services in a garrison’s budget. Without budgetary pressure, there is little 

scrutiny on utility costs or incentive to look for ways to reduce costs.  

These factors result in little need for installation commanders to make the difficult 

choices on how to use energy funding. Historical inefficiencies which led to higher costs 

in previous years allow inefficiencies to perpetuate in future years. And since energy cost 

savings mean that future utility budgets will decrease, garrison commanders understand 

that there is no incentive to save energy costs. Furthermore, the utility budgeting process 

does not force the Army to ask whether the budget is appropriate.  

This thesis will explore how the Army can use its budgeting processes to support 

its energy conservation and financial goals. This would require a multi-pronged approach. 

The Army already uses central funding to support garrisons to execute energy conservation 

projects (IMCOM, 2018). This is a tried and true method of lowering energy usage and has 

had considerable success. This thesis will explore a more direct route using the utility 
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budget itself. A proactive utility funding process could correct the lack of incentives in the 

current process by using a “carrot and stick” approach. The Army would benefit from a 

process that would incentivize energy savings through behavior, projects, and 

maintenance. This could be done by basing the funding projections on real property 

inventory, population, climate zone, and regional utility costs. Note that this approach is in 

line with the BOS (Base Operations Support) Requirements Model (BRM) already in effect 

for funding a garrison. The BRM develops a “should cost” funding model based on actual 

conditions and resources. Because this basic methodology already exists within Army 

funding methods, it just needs to be adopted to fund utilities. This process could also more 

easily allow local commands to retain cost savings they achieve, which provides an 

incentive for them to take the initiative in saving both energy and costs. IMCOM could 

provide clear methodology to retain two-thirds of the savings described in 10 USC §2865. 

By providing more local control, garrison commanders would be more motivated to direct 

changes. 

One encouraging note is that in FY18 a new Management Decision Execution 

Package (MDEP), which is essentially an accounting code, labeled QUTS, was developed 

to track utility costs separately. With QUTS, it became possible to isolate the costs of 

utilities from the other public works costs.  

6. Retaining Energy Cost Savings  

As will be discussed in detail in the literature review, there is statutory policy that 

allows U.S. Department of Defense (DOD) facilities to retain most of the savings from 

decreased energy costs each year. Title 10 USC §2865 describes how the savings will go 

toward energy conservation, energy security, quality of life, morale, welfare, recreation, or 

housing projects. The amount retained does not expire at the end of the fiscal year.  

There is a lack of current guidance on the process for retaining funds at the garrison 

level. The last the most recent, but expired, guidance noted that garrisons should prove that 

their energy-conservation efforts have resulted in a certain cost savings and that those funds 

are eligible to be retained (Casey, 2010). This is challenging to do for several reasons: At 

most installations, one year’s worth of energy projects won’t lead to a huge reduction in 
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energy costs from the previous year; most energy projects take more than a year to go from 

development, to funding, through project completion; it is difficult to correlate projects 

with savings quickly since it normally takes a year to know the effects of a project; and 

energy costs typically go up every year, so it is challenging to just look at the cost side and 

know whether a program is saving money based on projects. Another challenge is that, 

once the money is spent, it puts the onus on the installation commanders to prove that they 

deserve to be given back funding. It takes time to assemble reports and data analysis to 

make the case that retained earnings are deserved. This takes well into the next fiscal year. 

So, at that point, where is the funding going to come from? The previous fiscal year? The 

current fiscal year? Given these challenges, it is not surprising that there is no process 

developed for retaining funds and, thus, no financial incentive for army installations to save 

energy.  

This thesis will propose a more proactive method for retaining funds. The basic 

idea is that an objectively developed energy budget is allocated to a garrison each year. 

Whatever isn’t spent in a fiscal year would be saved and then allocated to both energy and 

quality-of-life projects at the garrison per the Title 10 USC §2865 legislation. To succeed, 

cost savings must not penalize the garrison by giving it less funds the next year, as the 

current system does.  

B. SCOPE OF STUDY 

This study is limited to one Army Garrison, the Presidio of Monterey. However, 

the methodology could be replicated for any Army installation. The study is limited to a 

time period of fiscal year 2015 to determine how the actual funding compared with the 

modeled funding. This study will only consider energy use, e.g., gas and electric, not water. 

Finally, the study will only include the buildings for which the Army pays the utility bill. 

Therefore, family housing and reimbursable tenant spaces will be excluded. 

C. ORGANIZATION OF THIS STUDY 

This thesis contains six chapters. Chapter I contains background, objective, 

research questions, and scope of investigation. Chapter II presents a review of relevant 

documents. Chapter III presents an analysis of the real property at the Presidio of Monterey 
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and the current utility funding process, and describes the methodology and set-up of the 

proposed model. Chapter IV analyzes the results of the proposed funding model. Chapter 

V is a discussion of challenges and opportunities associated with using the proposed 

funding model. It also summarizes the results and provides final recommendations.  
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II. LITERATURE REVIEW 

The literature review will cover the history of efforts at encouraging energy savings 

through retaining cost savings. This includes congressional legislation, executive orders, 

and DOD policies and financial procedures. Additionally, it will cover governmental and 

commercial methodologies of developing energy usage and cost benchmarks and models.  

A. FEDERAL LEGISLATION AND EXECUTIVE ORDERS 

Energy guidance in the Army typically flows down from the Department of 

Defense, which is normally influenced by a combination of Executive Orders and Federal 

Law. The following are some of the primary influences over the past 20 years.  

1. Energy Policy Act (2005)  

The Energy Policy Act (EPACT) of 2005 provides guidance on a number of energy-

related areas including energy-savings performance contracts, greenhouse gas intensity-

reducing technology strategies, procurement of energy-efficient products, requirements for 

energy metering at federal buildings, and daylight savings calendar adjustments. But the 

most relevant aspects of the legislation for this thesis are in Section 109, Federal Building 

Performance Standards. This section amends the Energy Conservation and Production Act, 

42 U.S.C. 6834(a) by adding mandated energy-intensity reductions of 2 percent per year 

for ten years resulting in 20 percent reductions by 2015; and more stringent energy-

efficiency design standards for new buildings, requiring that, if life cycle cost-effective, 

federal buildings “be designed to achieve energy consumption levels that are 30 percent 

below the levels established in the version of the ASHRAE Standard or the International 

Energy Conservation Code.” 

2. Executive Order 13423 (2007) 

Executive Order 13423, “Strengthening Federal Environmental, Energy, and 

Transportation Management,” was signed on January 24, 2007, and establishes energy 

efficiency and renewable energy targets. The order requires annual reductions of 3 percent 

energy intensity, resulting in a 30 percent reduction over a ten-year period from 2005-2015. 
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3. Energy Independence and Security Act (2007) 

Among other things, the Energy Independence and Security Act (EISA) of 2007 

amended the National Energy Conservation Policy Act by increasing the energy intensity-

reduction requirements from 20 percent to 30 percent from 2005 to 2015. The introduction 

of the act outlines the goal: 

 To move the United States toward greater energy independence and 
security, to increase the production of clean renewable fuels, to protect 
consumers, to increase the efficiency of products, buildings, and vehicles, 
to promote research on and deploy greenhouse gas capture and storage 
options, and to improve the energy performance of the Federal Government, 
and for other purposes. (EISA, 2007)  

4. Executive Order 13693 (2015) 

Executive Order 13693, “Planning for Federal Sustainability in the Next Decade” 

was signed on March 19, 2015, and, among other things, requires agencies to reduce energy 

intensity by 2.5 percent per year for 10 years, resulting in 25 percent reductions by 2025. 

In the text, it also sets requirements on efficiency of new buildings:  

Federal Agencies shall, where life-cycle cost-effective, beginning in fiscal 
year 2016, unless otherwise specified, promote building energy 
conservation, efficiency, and management by reducing agency building 
energy intensity measured in British thermal units per gross square foot by 
2.5 percent annually through the end of fiscal year 2025, relative to the 
baseline of the agency’s building energy use in fiscal year 2015 and taking 
into account agency progress to date.  

5. National Defense Authorization Act (1991) 

But well before the quantitative goals from EPACT 2005, EISA 2007, and the 

Executive Orders 13423 and 13693 were set, there had been legislative attempts to use the 

incentive of retaining energy cost savings as a way to encourage energy conservation. The 

first mention of retaining energy savings is found in the National Defense Authorization 

Act for Fiscal Year 1991: 

PUBLIC LAW 101-510—NOV. 5, 1990 104 STAT. 1803, cited as the 
“National Defense Authorization Act for Fiscal Year 1991.” Title XXVIII 
General Provisions, Part D, Department of Defense Energy Savings Sec, 
2851 Department of Defense Energy Savings Program 
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The law states: 

(a) IN GENERAL.—Subchapter III of chapter 169 of title 10, United States 
Code, is amended by adding at the end the following:  

“§ 2865. Energy savings at military installations:  

“(b)(1) The Secretary shall provide that two-thirds of the portion of the 
funds appropriated to the Department of Defense for a fiscal year that is 
equal to the amount of energy cost savings realized by the Department, 
including financial benefits resulting from shared energy savings contracts 
and financial incentives described in paragraph (3)(B), for any fiscal year 
beginning after fiscal year 1990 shall remain available for obligation under 
paragraph (2) through the end of the fiscal year following the fiscal year for 
which the funds were appropriated, without additional authorization or 
appropriation.  

“(2) The amount that remains available for obligation under paragraph (1) 
shall be utilized as follows:  

“(A) One-half of the amount shall be used for the implementation of 
additional energy conservation measures at such buildings, facilities, or 
installations of the Department of Defense as the head of the department, 
agency, or instrumentality that realized the savings may designate in 
accordance with regulations prescribed by the Secretary of Defense.  

“(B) One-half of the amount shall be used at the installation at which the 
savings were realized, as determined by the commanding officer of such 
installation consistent with applicable law and regulations, for—  

“(i) improvements to existing military family housing units;  

“(ii) any unspecified minor construction project that will enhance the 
quality of life of personnel; or  

“(iii) any morale, welfare, or recreation facility or service.”  

This portion of the law provides more detail in how energy cost savings may be 

used. Specifically, it outlines “that two-thirds of the energy cost savings realized by the 

Department…shall remain available for obligation…through the end of the fiscal year 

following the fiscal year for which the funds were appropriated, without additional 

authorization or appropriation.” Furthermore, half of the saved amount (the two-thirds 

portion) shall be used “for the implementation of additional energy conservation measures” 

although it is not completely clear where these savings are to be spent. The other half “shall 
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be used at the installation at which the savings were realized…for improvements to existing 

military family housing units; any unspecified minor construction projects that will 

enhance the quality of life of personnel; or morale, welfare, or recreation facility or 

service.” 

6. Energy Savings at Military Installations (1994) 

In 1994, the U.S. Code was amended with respect to retaining energy savings. One 

major change was that the stipulation of the two-thirds amount is gone as shown in this 

section. The law now appears to allow for the DOD to retain all the savings. The full law 

is titled  

1994 U.S. Code, Title 10—ARMED FORCES, Subtitle A—General Military Law 
PART IV—SERVICE, SUPPLY, AND PROCUREMENT 
Chapter 169—Military Construction and Military Family Housing  
Subchapter III—Administration of Military Construction and Military Family Housing. 
§2865. Energy savings at military installations 

The law states the following: 

Availability and use of energy cost savings 

(a) AVAILABILITY 

An amount of the funds appropriated to the Department of Defense for a 
fiscal year that is equal to the amount of energy cost savings realized by the 
Department, including financial benefits resulting from shared energy 
savings contracts entered into under section 2913 of this title, shall remain 
available for obligation under subsection (b) until expended, without 
additional authorization or appropriation. 

(b) USE  

The Secretary of Defense shall provide that the amount that remains 
available for obligation under subsection (a) and the funds made available 
under section 2916(b)(2) of this title shall be used as follows: 

(1) One-half of the amount shall be used for the implementation of 
additional energy conservation and energy security measures at buildings, 
facilities, or installations of the Department of Defense or related to vehicles 
and equipment of the Department, which are designated, in accordance with 
regulations prescribed by the Secretary of Defense, by the head of the 
department, agency, or instrumentality that realized the savings referred to 
in subsection (a). 
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(2) One-half of the amount shall be used at the installation at which the 
savings were realized, as determined by the commanding officer of such 
installation consistent with applicable law and regulations, for 

(A) improvements to existing military family housing units; 

(B) any unspecified minor construction project that will enhance the quality 
of life of personnel; or 

(C) any morale, welfare, or recreation facility or service. 

This section was repealed in 2006 but the exact verbiage was simply moved to 

Chapter 173—Energy Security, Subchapter I—Energy Security Activities, Section 2912—

Availability and use of energy cost savings, which is still in place as of 2017.  

Through these iterations of law, it is clear that there has remained an intent to allow 

the Department of Defense to retain an amount of funds equal to the amount of savings 

realized from multiple methods, and that the funding is allowed to exist until expended. 

There is still some ambiguity as to where the saved amount should be spent. However, it 

appears to give enough room for interpretation that the DOD could determine how the 

savings should be used. It is surprising that no formal processes have been set in place to 

institutionalize this intent. This has broad implications as will be described in the literature 

review.  

B. ARMY REGULATIONS AND GUIDANCE 

The following regulations and guidance are how the Army implements the guidance 

and laws from the federal level, and which ultimately govern how the Presidio of Monterey 

executes utility funding. 

1. Army Regulation 420-1, Department of the Army (2012) 

Army Regulation 420-1 is the primary guide that sets requirements on how to 

manage Army facilities. This includes the design, construction, and operation of facilities 

and addresses the management of utilities and energy. Part 5 addresses Utilities and Energy 

Management, and includes Chapter 22—Army Energy and Water Management Program 

and Chapter 23—Utility Services. In chapter 22 of the AR 420-1, the following items of 

interest to this thesis are noted: 
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• Chapter 22-4.e.10 notes that the Army Chief of Staff, Installation 

Management (ACSIM) will “Participate in the planning, programming, 

and budget process for all Army energy and water matters. Participation 

will include the following: (a) Development of utilities budget 

allocations.”  

• Chapter 22-11.d notes that “Savings realized from implementation of 

energy management initiatives will be used to invest in additional energy 

saving measures such as the purchase of renewable energy systems and 

renewable energy sources.” However, there is no guidance on how to do 

this. 

• Chapter 22-14.b notes that “Utility dollars saved as a result of energy 

reduction efforts will be reprogrammed during the execution year to 

finance other energy conservation projects. Any energy improvement 

project may be funded with these savings subject to the normal statutory 

limits.” However, there is no process provided for how this should be 

done. At what point in the year is there confidence that there will be 

savings? It would likely be at the very end of the fiscal year. By that point, 

it would be too late to reprogram the funds for use.  

2. Department of the Army Headquarters Letter 420-10-1, Casey (2010) 

Letter 420-10-1 is the most direct reference found during the literature review that 

indicates the Army’s attempt to develop a policy to retain energy savings. The Department 

of the Army Headquarters (HQDA) issued Letter 420-10-1 (referencing 10 U.S.C. 2912 

among other documents) in December of 2010, with the subject line “Identifying, 

Retaining, and Using Energy Savings at Army Installations.” The letter’s purpose 

statement reads:  

This letter prescribes Army’s policy and procedures for identifying savings 
from an installation’s conservation efforts, for retaining those savings 
within an extended year account, and for using the savings captured in this 
account. This policy will be incorporated into the next revision of the AR 
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420-1, chapter 22. The letter expired in December of 2012 without revisions 
made to the AR 420-1.  

The next revision of AR 420-1 was released on August 24, 2012, with no revised 

policy on retained energy savings. There was no official explanation of why this letter was 

allowed to expire without defining a process. It is my theory that it was simply a very 

challenging problem and that no viable solution could be found. The challenge may be due 

in part to the current funding process, which will be explored later in this thesis. 

The Department of the Army’s letter outlines a reactive, rather than a proactive 

approach, in that it requires Army installations to prove that savings were from energy-

conservation programs. This implies an assumption that the process should be backward 

looking. In other words, it says that garrisons should prove the savings after the fact and 

petition for the retained funding. This is a challenging task as will be explained later in the 

thesis. 

3. Sustainable Design and Development Policy Update, Hammack (2017) 

The Sustainable Design and Development (SDD) policy update, dated January 17, 

2017, updated the SDD policy from 2013. It is a broad policy memo with guidance on 

many areas of energy and sustainable design. Most relevant to this thesis, the policy sets 

design requirements for EUI targets in new and older buildings, by building type and 

climate zone. This is significant because it is the first Army policy that does this so 

specifically. This is a novel approach and one that potentially has great merit. Additionally, 

the policy uses the EUI targets set forth by the American Society of Heating and 

Refrigeration Engineers (ASHRAE) to set the Army’s EUI targets. And the policy sets EUI 

targets for many facility category codes in all U.S. climate zones. By doing so, it helps 

provide the foundation for a requirements-based funding model that could be developed. It 

therefore provides the technical basis for the funding model explored in this thesis. 

Appendix B provides the three tables included in this policy update. 

The SDD Policy Update is written to steer the Army toward more efficient new and 

renovated buildings. As such, it is not meant to provide EUI targets for older buildings, 
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which comprise much of the Army’s facility portfolio. But the more aggressive targets it 

sets out could be viewed as a goal that could be reached within a decade or so. 

4. Department of the Army Budget Estimates, Department of Army 
(2017) 

The full title of this document is the Department of the Army, Fiscal Year (FY) 2018 

Budget Estimates, May 2017 Volume I—Operation and Maintenance, Army—Justification 

of Estimates. This annually issued document details the costs of Operations and 

Maintenance in the Army (OMA). This thesis only looks at numbers from the most current 

year, FY18.  

The OMA budget in FY18 was $38.945B. The OMA budget is broken down into 

various levels. At the highest level, the OMA budget is divided into four budget activities: 

1) operating forces, 2) mobilizations, 3) training, and 4) recruiting. Budget activity 1 is 

$23.752B and is the largest budget activity. It contains the activity group 13 “Land Forces 

Readiness Support,” which contains the subactivity groups (SAG) 131 and 132 that are 

relevant to this study. 

SAG 131, Base Operations Support (BOS) covers utility costs. SAG 132 covers 

sustainment, restoration, and modernization, which is where energy-savings projects are 

typically funded, unless the projects are financed through third-party programs. SAG 131 

was funded in FY18 for $8.080B. This is the largest SAG in the OMA budget. SAG 132 

was funded in FY18 for $3.401B. 

A full breakdown of SAG 131 begins on page 167. The budget estimates a program 

growth in energy from FY17 of $7.143M from a baseline of $20.384M (p. 177). These 

costs are for “Energy Program Strategic Initiatives, which will increase the Army’s ability 

to assess the cost-effectiveness of energy saving efforts, and to coordinate for private 

partnerships for onsite renewable energy generation projects for improved security and 

resiliency of energy resources to support installation mission requirements” (p. 177). This 

does not appear to be for utilities, but it is also not for direct SRM projects because those 

would be funded from SAG 132. SAG 131 does allow for the funding of studies and other 

non-construction energy programs. 
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The detail of SAG 131 includes a “Performance Criteria and Evaluation Summary” 

beginning on page 181. This includes the justifying data behind the dollar budgets. On page 

182, there is the breakdown of the utilities for FY16, FY17, and FY18, as seen in Table 1. 

The budget lists electricity in megawatt Hours (MWh), heating in million British thermal 

units (MMBtu), water and sewage in thousands of gallons per day, and air conditioning in 

tons. On a positive note, the document shows a decrease in each of the metrics from FY16 

to FY17 and again from FY17 to FY18. This may indicate that conservation programs are 

working, or it may be a result of the decreases in personnel over the same time period, or 

it could be a combination of the two. It is not clear where these numbers come from, but it 

is likely they are aggregated from Army installations around the world. 

Table 1. Utility Metrics for FY 2016–2018.  
Source: Department of Army (2017). 

 
 

Table 1 shows that there is some tracking of energy units. Although they are likely 

simply tabulated from historical usage, they still may provide a basis for a requirements-

driven approach. One challenge is then to convert these units to dollar costs, given that 

energy costs differ widely across geographies, and then to divide them up appropriately 

across installations across the world.  

Starting on page 186, a detail of SAG 131, line item 0913 is Purchased utilities 

(nonfund). The budget shows it growing from $598M in FY16 to $861M in FY17 to a 

$917M budget request in FY18. This number does not match the costs seen in the budget 

documents provided by Installation Management Command that show energy costs above 

$1B in 2017. 
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The breakdown of SAG 132 (SRM) begins on page 189. While this SAG does not 

directly prescribe how utilities are purchased, it does address energy programs. It describes 

the maintenance and upgrade of facilities and the energy-consuming equipment on an 

installation.  

On page 194, the budget estimate describes the restoration and modernization 

funding for energy and utilities, which support energy projects: 

5) Restoration and Modernization-Energy and Utilities Program…..$56,098 

Funds the upgrade of Army facilities to improve energy efficiency and 
reduce utilities costs, preserve water, develop on-site renewable energy 
generation to reduce consumption and cost of purchased energy, and 
improve reliability and efficiency of Army-owned installation utilities 
distribution systems and central plans as well as to meet Department of 
Defense facility energy reductions. (Baseline: $75,170) 

5. IMCOM FY18 Narrative Funding Guidance, Installation 
Management Command (2018) 

The Installation Management Command (IMCOM) FY18 Narrative Funding 

Guidance, Version 1, 27 September 2017, lists utilities and utilities-privatization contracts 

as the number two priority, following civilian pay.  

In the overview, paragraph I.C.3 provides guidance on the restrictions on migrating 

funds between categories, which is one reason it is difficult to use energy savings for energy 

projects:  

Garrisons will not migrate funds into or out of BOS or Sustainment, 
Restoration and Modernization (SRM). Migration of these funds by the 
Garrison could result in an Anti-Deficiency Act (ADA) violation. As 
mentioned in the G8 Introduction, pay continues to be fenced in FY18. 
Garrisons can realign funding within Sub Activity Groups (SAGs) among 
Management Decision Packages (MDEPs). 

Paragraph IV.C.2.c describes energy and utilities. There are two separate 

management decision packages (MDEPS) related to this thesis: QUTS, the cost code for 

utilities services and commodities, and QUTM, which is for energy and utilities 

modernization, such as energy projects.  
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Paragraph IV.C.2.c.1 describes the repayment of Energy Savings Performance 

Contracts (ESPCs and Utility Energy Services Contracts (UESCs) that utilize financing for 

doing energy-savings projects. These contracts are to be executed against commitment item 

233L (OpEx/Pgm Costs—Other Utility Payments to Other). 

This allows the data to be captured properly, so that the information can be used 

later. This is significant because ESPC and UESC payments must come out of the same 

funding source as utility commodities payments. Therefore, it is important to accurately 

capture the costs. Surprisingly, there is nothing in the Narrative Funding Guidance that 

describes how funded amounts are set. Similarly, there is nothing that discusses retention 

of funds. There does not appear to be any guidance on this at the command level.  

In FY18, IMCOM started classifying utilities costs separately from other public 

works costs. The MDEP for utilities is designated with the cost code QUTS. This 

development strengthens the approach suggested in this thesis because it identifies utility 

costs separately. Previously, utilities were combined in the QDPW MDEP, which obscured 

the cost of utilities. Separating them should facilitate tracking of cost growth or savings. 

C. OTHER AGENCIES AND COMMERCIAL RESOURCES 

In addition to Army guidance, the author explored other federal agencies and 

commercial sources that could be applied as a template for the Army. 

1. Defense Logistics Agency Instruction (DLAI) 4170.01 

The only documented process for retaining cost savings from energy reductions at 

the federal level that I found was the Defense Logistics Agency (DLA) Instruction DLAI 

4170.01, Retained Energy Savings. Through email correspondence with Mr. Don Juhauz, 

the primary author of DLAI 4170.01 (though now retired from civil service), and Mr. 

Michael Van Dam, an engineer at the DLA, I received a copy of DLAI 4170.01 and a 

summary of the genesis and success of DLA’s program. The following is excerpted from 

a September 7, 2018 email from Mr. Van Dam: 

 
- The DLA implementation of the 10 USC 2912 authority has been updated 
since 2013 and was formally implemented as DLAI 4170.01, a DLA 
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Instruction for Retained Savings in 2017.The program has been 
implemented in stages, but is a current DLA finance (J8) supported account: 

- Initial stage was to set-up an interim policy memo (Retained Savings DTM 
dated March 11, 2013) that implemented the foundational elements of the 
10 USC 2912 authority. The basic process and accounting procedures were 
exercised with gas and electric utility rebate checks. The more challenging 
aspect, the data and formulas for calculating energy utility budget savings 
were developed and calculated each year but not financially implemented. 
In the interim the calculation’s formula, data call process and data validation 
were analyzed, scrubbed and refined. 

- The retained savings policy memo was updated as DLA Instruction 
(DLAI) 4170.01 and formally signed into effect June 6, 2017. This policy 
included the lessons learned from the prior year’s efforts and set the stage, 
policy wise, for the next step in the retained savings implementation, to 
capture into the retained savings account the calculated yearly energy utility 
budget savings. 

- This full policy implementation could be realized as soon as this FY but 
depends on several factors including: HQ level staffing assignments and 
field site support for the policy under a reduced oversight scenario. 

- Since the initial policy implementation in 2013 $2.3M has been received 
into the account. Primarily the funds transacted into and disbursed out of 
the account are from utility company rebates checks. The DLA Retained 
Savings account is open, current and active. 

- Lessons learned over the 2013 to 2018 period: using the authority solely 
for energy rebates is not optimal since rebates vary significantly year to year 
due to local, state, and utility company policy, current finance procedure 
requires rolling account funds over year to year rather than as a true multi-
year fund until expended, MHA staffing reductions resulted in reduced 
DLA Retained Savings oversight, field site staff reductions impacted the 
level of support and experience level of supporting staff, some field sites 
are reluctant to give up budget flexibility of using their savings “as needed” 
to primarily for promoting or executing energy saving projects, ongoing 
delays in smart metering connectivity due to cyber security concerns 
negatively impact the timeliness and accuracy of field site utility data that 
underpins the savings calculations. 

- The calculations need more granular data to separate baseload from 
weather driven load. We currently only have quarterly data calls with 
monthly resolution data. Department of energy has a different method for 
weather normalization, that is an extrapolated “baseload.” There are other 
factors that affect the calculation like added shifts, change in OPTEMPO, 
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occupancy increases etc. Some of these we suspect are higher order effects 
but since we don’t have data on these factors, we are left estimating their 
true effect. 

2. ASHRAE Standard 100, American Society of Heating, Refrigerating
and Air-Conditioning Engineers (2016)

ANSI/ASHRAE/IES Standard 100-2015, Energy Efficiency in Existing Buildings, 

commonly known as ASHRAE 100, supersedes the 2006 version of the same name. The 

purpose of the standard is spelled out in section 1. 

This standard provides criteria that will result in energy efficiency in 
existing buildings. This standard is directed toward providing procedures 
and programs essential to energy efficient operation, maintenance, 
management, and monitoring; increasing the energy efficiency of the 
energy-using systems and components; and upgrading the thermal 
performance of the building envelope. 

While many ASHRAE standards focus on how to design new buildings, ASHRAE 

100 focuses on existing buildings. This is important to the Army—indeed, the entire 

DOD—due to the large stock of existing buildings. ASHRAE 100 also provides guidance 

on retrofits, which is a key strategy within the Army. 

Another important aspect of ASHRAE 100 is that it links 53 building types to the 

Commercial Buildings Energy Consumption Survey (CBECS) and the Residential Energy 

Consumption Survey (RECS) which are surveys done by the U.S. Energy Information 

Administration that benchmark commercial and residential buildings by climate zone. This 

broadens the dataset of buildings to help set energy targets among similar building types. 

The 53 building types are seen in Table 2. 
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Table 2. Commercial and Residential Building Types/
Activities. Source: ASHRAE (2015, Table 7-1). 

The reason that this standard is so important to this thesis is that it provides a 

recognized standard for energy targets by climate zone for different building types. This 

standard is referenced by the Army’s SDD policy as noted previously.  

Section 7 of ASHRAE 100, “energy-use analysis and target requirements” 

describes the procedure for using the EUI targets to develop weighted targets for particular 

buildings. This includes accounting for buildings with multiple Category Codes (CATCDs) 
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and for buildings that are partially vacant. The procedures noted in this section form the 

basis for the EUI target development in the energy model proposed in this thesis. 

3. ASHRAE 90.1, American Society of Heating, Refrigerating and Air-
Conditioning Engineers (2016) 

ASHRAE 90.1-2016 Chapter 11 Energy Cost Budget, commonly referred to as 

ASHRAE 90.1, is well known in the engineering design community. It provides guidance 

on many aspects of energy design codes. Chapter 11 provides an alternative method of 

showing design compliance by using an energy cost budget. This method could be used to 

help develop detailed energy budgets for specific buildings but is likely too specific to use 

as a broad EUI tool for developing a portfolio-wide energy budget. While it appears to 

develop a cost budget for energy, it actually does not. Per chapter 11.4:  

Informative Note: The energy cost budget and the design energy cost 
calculations are applicable only for determining compliance with this 
standard. They are not predictions of actual energy consumption or costs of 
the proposed design after construction. Actual experience will differ from 
these calculations due to variations such as occupancy, building operation 
and maintenance, weather, energy use not covered by this standard, changes 
in energy rates between design of the building and occupancy, and precision 
of the calculation tool. 

4. ASHRAE 105-2014, American Society of Heating, Refrigerating and 
Air-Conditioning Engineers (2014)  

ASHRAE 105 could also be used in developing an energy budget model because it 

provides a method for energy performance comparisons across buildings. It does not 

provide specific energy targets, as does ASHRAE 100. However, it could support an Army-

wide energy cost model by clarifying how to address site and source energy, renewable 

energy, and other relevant variables.  

5. CBECS, U.S. Energy Information Administration (2017a) 

The Commercial Buildings Energy Consumption Survey (CBECS), is a database 

of energy data for commercial buildings compiled by the U.S. Energy Information 

Administration (EIA). As stated on the EIA website, the CBECS is  
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a national sample survey that collects information on the stock of U.S. 
commercial buildings, including their energy-related building 
characteristics and energy usage data (consumption and expenditures). 
Commercial buildings include all buildings in which at least half of the floor 
space is used for a purpose that is not residential, industrial, or agricultural. 
By this definition, CBECS includes building types that might not 
traditionally be considered commercial, such as schools, hospitals, 
correctional institutions, and buildings used for religious worship, in 
addition to traditional commercial buildings such as stores, restaurants, 
warehouses, and office buildings…BECS interviewers collect building 
characteristics and energy usage data (consumption and costs) from a 
respondent at the building. If the building respondent cannot supply the 
required energy usage data during the interview. 

This thesis does not make direct use of CBECS. However, if the energy model in 

this thesis were to be further developed, the energy data in CBECS could be used to assist 

in the development of benchmarks for Army buildings.  

6. RECS, U.S. Energy Information Administration (2017b) 

Residential Energy Consumption Survey (RECS): As it does for commercial 

buildings with CBECS, the EIA collects data on residential buildings. This database could 

be used in conjunction with CBECS to assist the Army with developing benchmarks for 

the residential buildings on an installation. Because these are databases of actual energy 

usage, they could provide more realistic EUI targets than the aggressive numbers found in 

ASHRAE 100. 
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III. METHODOLOGY AND RESEARCH APPROACH

A. INTRODUCTION 

The approach taken with this study is to use real property data for the Presidio and 

couple it with the EUI targets from the SDD policy to develop a target energy-consumption 

budget. From there, an energy-cost budget could be developed using local energy rates.  

The Army, like the entire DOD, categorizes its real property into category codes 

(CATCDs), which provide a standardized profile of the different types of facilities on an 

Army base. While some CATCDs are unique to the military, such as tank maintenance 

facilities, most CATCDs have parallels in the civilian sectors, which would allow us to 

compare them to commercial or industrial facilities. This comparison would allow the 

Army to benchmark their buildings against properties in the private sector. 

In in the 2017 Sustainable Design and Development (SDD) policy update the Army 

has done just this, linking its CATCDs to similar facility types identified by the American 

Society of Heating, Refrigeration, and Air-conditioning Engineers (ASHRAE). ASHRAE 

is a recognized professional organization of facilities-related mechanical engineering and 

has published many recognized journals and guidelines focused on energy efficiency. 

ASHRAE 100 provides updated EUIs by building type and by climate zone. As shown in 

Table 3. 
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Table 3. Building Activity Energy Use Intensity 
Targets. Source: ASHRAE (2015, Table 7-2).  
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The 2017 SDD policy update correlates Army CATCDs with ASHRAE Standard 

100 facility types, as seen in Appendix B, Table 11. 

The 2017 SDD policy update provides these EUIs as design targets for new and 

newly renovated facilities. However, because large capital projects affect only a small 

percentage of a facility’s inventory, this will yield limited energy savings across a military 

installation. The SDD policy recognizes that older buildings will typically not meet these 

standards. But these EUIs can provide long-term goals for the facility portfolio. Using 

CATCDs, building age, or other relevant variables, broad energy-planning goals could be 

established to assist with long-range capital-improvement planning. In this way, the SDD 

policy update is useful for planning purposes.  

The thrust of this thesis is to utilize the aggressive EUI targets in the SDD policy 

update to assess how existing buildings compare. By looking at specific buildings and the 

facility portfolio broadly, a military base may develop an installation-wide model based on 

EUI goals. Based on target energy levels, target funding levels could also be set, thus 



30 

providing financial information to analyze which renovation projects may make buildings 

more energy and cost efficient.  

To develop this model as part of this thesis, the following steps were taken:  

1. Use the Army real-property database to identify each energy-consuming 

facility. 

2. Correlate each property with a facility type identified in the Army’s new 

policy, which references ASHRAE 100. 

3. Develop an EUI target for each facility, in energy per square foot. 

4. Develop gas/electricity ratios for each building to set total gas and 

electricity usage.  

5. Determine blended utility rates for gas and electricity to charge per EUI 

based on the local utility company’s tariffs.  

6. Multiply the blended rates by the annual EUIs to generate an annual utility 

cost per building 

7. Sum the annual utility cost for the entire installation.  

B. REAL PROPERTY ANALYSIS AT THE PRESIDIO OF MONTEREY 

The U.S. Army Garrison Presidio of Monterey comprises three main locations: 

Presidio of Monterey, Ord Military Community, and the Army Satellite Activity known as 

SATCOM. Most of the square footage is at the Presidio, which is primarily an instructional 

campus similar to a small college or university. The total square footage of the three areas 

is approximately 2.5M SF. The breakdown of that square footage by facility type is 32 

percent instructional, 25 percent barracks, and 43 percent administrative and support 

facilities.  

Appendix A, Table 5 lists all the buildings on the Presidio and Ord Military 

Community with attributes that include square footage, CATCD, and age. Appendix A, 

Table 6, also lists the annual energy intensity for the buildings in FY 2015. Developing this 
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annual EUI relied on gas meter data, which was available for every building on the 

Presidio, and electrical meter data where available. Because about half of the buildings on 

the Presidio do not have electric meters, developing this annual EUI required several 

assumptions. By using the buildings that have electric meters, EUIs were set for facility 

types and age groups, which allowed estimated EUIs for buildings without meters. A 

correlation of Electric EUI and Gas EUI versus age is seen in the scatter plots in Figures 1 

and 2. As evidenced by the scatter plots, there is virtually no correlation solely between 

age or building and EUI for electric and a slight negative correlation for gas, likely due to 

the central air systems. A more detailed look at EUI compared to age while isolating for 

building type yielded similar results, likely due to the small sample size at Presidio. It 

would be beneficial for this type of study to be done across the whole Army. 

Figure 1. Scatter Plot of Electric EUI against Building Age. 
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Figure 2. Scatter Plot of Gas EUI against Building Age. 

C. CORRELATION OF PRESIDIO REAL PROPERTY WITH ASHRAE 
STANDARDS 

The next step was to assign an ASHRAE code to each facility on the Presidio. The 

Presidio has 138 facilities that can be grouped into 61 CATCDS. Some facilities have 

CATCDS that were already associated with an ASHRAE building code in the SDD Policy. 

However, because the SDD Policy only associated 17 CATCDS from the 61 CATCDS at 

the Presidio, the remaining facilities- at the Presidio were classified with ASHRAE 

building codes that were most comparable. This introduced an additional set of 

assumptions in the development of the model. The comparison to commercial buildings 

was fairly direct because most of the buildings have corollaries to buildings in the 

commercial sector. While this may not be the case for all military facilities, such as jet 

airplane simulators, there should typically be a similar facility that could be compared. 

However, for the 44 CATCDS at Presidio that did not have a corollary a best-fit match was 

made. Of note, four CATCDS (Exchange Service Outlet, Information Systems Facility, 

Communications Center, and Terminal Equipment Facility), did not have an applicable 

ASHRAE building code, so, new ASHRAE building codes were created with an estimated 
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EUI. This introduced another assumption into the model. Appendix A, Table 5 shows the 

buildings with category codes that have been correlated directly with ASHRAE codes.  

D. DEVELOP EUI TARGETS 

The next step was to obtain an EUI target for each facility. First, the facilities with 

multiple CATCDS were broken up by component, and the square footage for each portion 

was tagged by CATCD. Next, the ASHRAE code that had been correlated from the 

CATCD was applied to each facility or portion of a facility. Then, these multiple 

components were aggregated by using a pivot table to come up with a weighted EUI for 

each building. These steps resulted in a spreadsheet that had a target EUI for every facility 

on the Presidio.  

The age of each facility was used to determine if the age factor applied. The SDD 

policy sets newer buildings with an EUI 20 percent lower than the EUI set in ASHRAE 

100. Age can have an impact on energy usage, and the assumption is that new facilities 

will use less energy, although that may not always be true. Counterintuitively, many of the 

older buildings at the Presidio have the lowest energy usage per square foot. This is 

primarily due to the lack of centralized HVAC systems with large forced-air systems, air 

conditioning, or other variables. These buildings were designed in an era in which 

centralized systems were rare, so they simply relied on windows for ventilation and 

cooling. 

E. DEVELOP ENERGY RATIOS AND BLENDED UTILITY RATE 

Once the EUI targets were set for each building, two more factors were needed to 

develop a utility cost budget for each building: estimated ratio of electricity and gas, and 

utility costs of electricity and gas. Actual data were used from the buildings on the Presidio 

that had both gas and electricity data to develop standard gas/electricity ratios. These 

known ratios were used for similar buildings that did not have both meters. For buildings 

without meters that match other buildings, an estimate based on knowledge of the facility 

was used to develop the gas/electricity ratio. This introduced a third set of assumptions into 

the model.  
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For the utility costs, the model was simplified by using one average cost for gas 

and electric. This blended rate only approximates the actual rates for three reasons: 1) the 

Presidio has different utility rates based on the meter size of the building, or if the building 

is connected to the master 4 kilovolt (kV) distribution system; 2) the cost of the Presidio’s 

electricity has three components, which are a) energy cost per kilowatt-hour (kWh), b) 

demand charge, which uses a monthly ratchet that charges per kW for the highest kW seen 

each month, and c) various taxes, transmission charges, or other fees; and 3) natural gas 

rates vary by month based on commodity prices. The annual blended rate for each utility 

was done for the ease of the model, thus introducing the fourth major assumption.  

F. REVIEW ENERGY USAGE AND UTILITY COSTS COMPARED TO 
CURRENT PROCESS 

After inserting the blended utility rates and the estimated energy ratios, the 

spreadsheet model calculates an estimated energy usage for gas and electric, and the 

associated utility costs. The total energy usage and cost can then be compared against actual 

usage and cost. Additionally, many individual buildings can be compared. By comparing 

the model’s projected usage and cost against actual data, it was possible to determine the 

differences between the model’s predicted energy costs and actuals. As previously noted, 

a variance may suggest that either the model is poorly calibrated or the building is 

performing better or worse than expected. 

G. NOTES ON THE PRESIDIO MODEL 

• The U.S. Army Garrison, Presidio of Monterey (POM), has multiple sites 

in different cities. However, the majority of the facilities are located at two 

sites, the actual POM, in Monterey, California and Ord Military 

Community (OMC) in Seaside, California with 138 buildings.  

• A third site, the U.S. Army Satellite Activity Camp Roberts (SATCOM), 

is a small compound with little facility square footage but high energy 

usage due to the data center and equipment. The building is not metered, 

so only the total energy usage, and cost are known. If we were to analyze 

only facility square footage and energy usage, the EUI would appear very 
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high. Because it is a distinct area, the usage and costs can be isolated. This 

example of high EUI equipment is one of the variables that can make the 

requirements-based approach challenging. And for installations that do not 

have the ability to isolate the costs, it is even more challenging. The model 

in this thesis keeps the costs and data in place but noted them as such, so 

that they can be isolated. Because there are no comparable buildings in the 

ASHRAE tables, it is an example of a component in which relying simply 

on historical usage and cost is likely the best path forward. However, in 

the future, submetering is critical to be able to isolate the energy usage of 

this facility.  

• A similar compound at the Presidio is the DOD Center, a large building at

OMC with its own gas and electric meters, as well as a large parking-lot

solar array. The solar array makes developing an accurate cost challenging

because the reported usage is 2 percent below the actual usage. Because

this building is funded separately by the tenant organization, it will not be

included in the model. However, the EUI data for the building will still be

analyzed to assess the accuracy of the proposed data center code.

• The model excludes privatized housing and metered tenant spaces because

they pay their own costs and since the Presidio does not report their usage

in the Army Energy and Water Reporting System (AEWRS). In most

cases, usage and cost can be isolated through separate meters and bills, but

in the case of the 35 privatized houses on the Presidio, it requires some

EUI estimating because the housing does not have electric meters.

• Another challenge on the Presidio is the mix of electrical metering. While

every building that uses gas has a revenue meter billed by the local utility

company, that is not the case with electric. There are two broad categories

for facilities with electric metering: those with revenue meters billed by

Pacific Gas and Electric (PG&E) that provide energy consumption and

cost, and those under a large master revenue meter billed by PG&E. The
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total usage and cost for this meter is known, so it is possible to use this 

data to further refine the estimated usage of the buildings that do not have 

individual electric meters. Additionally, some of the facilities in the 

second category are sub-metered for energy consumption by the Army. 

SATCOM is a final category. There is one meter for the compound. This 

includes the buildings and equipment at the site. At the Presidio, 130 

buildings have PG&E revenue gas meters, 62 facilities have PG&E 

revenue electric meters, and 46 of the 93 buildings on the master meter 

have Army-owned submeters. And of those, many only provide sporadic 

data. Therefore, several buildings cannot be validated in that the EUI, 

usage, and cost calculated by the model cannot be compared to actual 

numbers. Fortunately, there are enough buildings of similar age, 

construction type, and usage, that reasonable EUIs can be estimated.  

In sum, the mix of metering actually allows for a fairly accurate “actual” 

energy usage to compare to the spreadsheet model for almost all of the 

Presidio buildings. This helps to validate and calibrate the spreadsheet 

model. 
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IV. DATA ANALYSIS

A. INTRODUCTION 

This project creates a method to develop energy-usage estimates and utility cost 

budgets for an Army installation based on real property data, local utility rates, climate 

zone, and energy use intensity (EUI) targets. The analysis should consider 1) how close the 

usage estimate and cost budget come to actual numbers, and 2) factors that account for any 

variances. To do this, a more complete explanation of the EUI tables in the SDD Policy 

Update Memo is needed. 

B. ASSUMPTIONS AND INPUTS 

The following notes help understand how the Presidio data match up with the SDD 

memo and the ASHRAE 100 standard that underlies it: 

• Table 3 (table 7-2 from ASHRAE 100) is the foundation for the EUI

targets in the Army’s SDD Policy Update Memo and, therefore, for this

thesis. Table 3 has EUI targets for 53 building types (48 commercial

building types and 5 residential building types), each with EUI’s for the 17

ASHRAE climate zones.

• The SDD Memo cross references the ASHRAE 100 EUI facility types

with Army CATCDS. Six CATCDs have been validated as seen in

Appendix B, Tables 9 and 10 (tables 1 and 2 from the SDD Policy

Update). However, the memo notes that for the CATCDS not validated,

the most relevant ASHRAE building types can be correlated as seen in

Appendix B, Table 11 (table 3 from the SDD Policy Update). which lists

146 distinct CATCDS and correlates these with 31 CATCDS.

• The Presidio has 61 distinct CATCDS, of which only 22 had

corresponding ASHRAE codes listed in the SDD memo and could

therefore be directly assigned EUIs. The SDD policy includes only codes

that account for a large proportion of square footage on most garrisons.
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These 22 CATCDS accounted for 83 percent of the square footage at 

POM.  

• Still, this left 39 CATCDS that needed to be assigned an ASHRAE code.

Once assigned, the CATCDS at POM that did not have corresponding

ASHRAE codes were linked with a CATCD with a similar ASHRAE

code. These assumptions will lead to variances in the model since some

correlations will not be correct.

• Army currently has a total of 970 CATCDS. There are many variations of

similar buildings, such as repair shops, laboratories, and warehouses.

While these may be necessary for real property tracking, they are not

material to this thesis. An easy fix would be to group many of them within

larger ASHRAE codes.

C. CURRENT UTILITY FUNDING AT THE PRESIDIO 

Utility funding at the POM has been fairly steady over the past four years, despite 

high increases in utility rates. Table 4 shows utility funding levels over the past four years, 

with an anomalous blip in FY15. Note that these levels are for the entire garrison including 

tenant organizations not captured in the model developed for this thesis. 

Table 4. Electric and Gas Costs at Presidio FY13–16. 

D. COMPARISON OF THE MODEL WITH ACTUAL DATA 

The model projected energy usage and total utility costs 45 percent lower than the 

actual numbers in FY15. The variance is likely due to many of the following factors: 

The EUI targets are too aggressive, especially for the aging building stock on the 

Presidio, where the average age was 83 years in 2015. Many of these buildings were built 

FY13 FY14 FY15 FY16
Electric 2,839,177$               2,865,302$               3,723,278$               3,226,975$               

Gas 895,788$                  859,399$                  705,804$                  594,378 

Total 3,734,964$               3,724,700$               4,429,082$               3,821,353$               



39 

with no insulation and with highly inefficient systems. Although some buildings compare 

favorably with the EUI target, most do not. 

Even the newer buildings are not performing up to the EUI targets. For example, 

the three newest buildings on campus (buildings 417, 607, and 613) were designed to the 

US Green Building Council’s Leadership in Energy & Environmental Design (LEED) 

“Silver” standards. These three are all instructional buildings (CATCD 17120) which, 

according to the SDD memo, correspond with ASHRAE 100 code 29, “Other Classroom 

Education.” The target EUI in the Presidio’s climate zone for ASHRAE 100 code 29 is 21 

kBTU/SF. However, because the three buildings were built after 2008, they must take the 

20 percent reduction, taking the target EUI to 17. This is a very difficult target to reach, 

and the three buildings on the Presidio do not come close with EUIs of 62, 51, and 39. Of 

note, for these buildings ASHRAE codes other than 29 could have been selected: ASHRAE 

100 code 25 (College/University) has a base EUI of 50, and code 27 (High School) has a 

base EUI of 37. With the 20 percent reduction for newer buildings, the target EUIs would 

have been 40 and 29.6, respectively, which would have resulted in the Presidio’s buildings 

comparing more favorably, although still notably higher than the target.  

The real-property data could be inaccurate and out of date. This is likely a systemic 

issue across the Army’s real-property records, presenting both a challenge and an 

opportunity. Still, it could have local impacts on the model. Errors of square footage, 

outdated CATCDS, and missing data could impact the projections. An example can be 

found by looking at Presidio buildings 214, 215, and 216, which are all classroom 

buildings, so the model used the same EUI. These are almost identical buildings. But owing 

to differing basement spaces, the square footage of the three buildings range from 6,131 

SF to 9,020 SF. This difference in square footage allowed Building 215 to be allotted more 

energy consumption and utility cost, making it look like a well-performing building. This 

points to the large impact of accurate real-property data on the modelling approach used 

here. If the Presidio is any example, there are many potential errors―or simply 

nuances―in real-property data. 

The EUI targets in the model are set for buildings built after 2008 with a 10 percent 

adjustment for buildings built before 2008. But most of the building stock at the Presidio 
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were built well before 2008, as far back as 1903 so the model does not fit well with the 

actual EUIs. This will not be uncommon at many Army installations. So that the budgeting 

model does not over-penalize for variables out of the control of the garrison, an age-factor 

corrector could be applied to account for older buildings. For example, for every year older 

than 2008, a percent could be added to the EUI. However, it should be noted that age does 

not always positively correlate to EUI. A regression analysis was done for total 2015 EUI 

and an overall negative correlation was found. This is due to the relatively simple 

mechanical systems in the very old buildings. The highest EUIs were from buildings built 

in the 1960s through the 1980s. The regression line has a low R2 value, though this may 

be in part due to the relatively low sample size.  

It is notable that even for the Presidio, an Army installation recognized for energy 

efficient practices and a quality O&M system, the model predicted significantly lower 

usage and costs than the actual numbers. If this is the case for the Presidio, it is likely to be 

the case for many of the Army’s sites. This implies that either the model is too aggressive, 

or the installation is too wasteful. Or perhaps it is due to a combination of both. This leads 

to the question of how the model could be calibrated and used, which will be addressed in 

the recommendations in Section V.  

E. BROADER ANALYSIS 

In addition to the narrow analysis of how the model corresponds to reality, there is 

a benefit to taking a broader perspective of how a model like this could work. First, we can 

look at the physical attributes that become inputs to a model. As noted previously, a major 

element of this model is accurate real-property data. Ensuring that the quantitative data 

(square footage, age, etc.) and the qualitative data (alignment of the CATCD with the actual 

usage of the building) are correct is imperative to make the model work. Validating real-

property data can be an expensive task. If the sole rationale for this effort was a utility-

funding model, it would probably not be worth the effort of validating the data. Still, there 

are many reasons the Army would want accurate real-property data, and there are ongoing 

efforts to improve the accuracy of the data. Therefore, the work involved in this effort 

would not be only for utility budgeting.  



41 

A further step could be to go deeper than just real-property data, that is, to analyze 

building systems and construction type, including components such as insulation values of 

the exterior envelope, window glazing, and HVAC efficiency. These clues could provide 

a better understanding of why the EUI is what it is. In fact, there are already Army tools, 

such as SMS Builder and the Net Zero Planner (NZP), developed by the Army Corps of 

Engineers, that provide information that is beneficial to aspects of facilities management.  

Instead of using ASHRAE 100, the model could have used the CBECS/RECS 

database. As a normative comparison, Oak Ridge National Labs (ORNL) and the 

Department of Energy (DOE) took data from these two databases and created a table in the 

same format as the tables developed for ASHRAE 100. As noted in the Literature Review, 

the CBECS/RECS databases reflect actual usage, so the averages are higher than the EUI 

targets from ASHRAE 100. So, ORNL and the DOE took the 40th percentile and then 

extrapolated for the 17 climate zones to derive the “normative EUI targets.” This would 

mean that, if the target EUIs came from the CBECS/RECS database, the usage and costs 

would have matched up more closely. If this spreadsheet model is too aggressive in its 

targets, the CBECS/RECS database could be used as a baseline, with a 10-year glide-slope 

toward the ASHRAE 100 targets. This comparison could be done as part of a follow-on 

study. 

A key part of the analysis is whether this requirements-based approach would save 

the Army money. There is an argument that, even if this approach does not provide cost 

savings but changes the incentive basis and therefore encourages conservation, it would 

yield a positive outcome, especially if targets for energy use were to be slowly ratcheted 

up over time. Based on experience, the author believes that there is likely a very large 

upside to energy savings in the DOD, with potentially huge savings possible. Although this 

study only has a sample size of 1, the 45 percent cost overage implies that there could be 

massive energy savings possible across DOD. 
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V. DISCUSSION OF RESULTS 

This thesis presents a simple idea: fund utilities based on what buildings should 

cost instead of what they have historically cost. And while this idea presents many 

challenges, it also allows numerous opportunities, as described in the following text.  

A. HURDLES TO OVERCOME 

As with many entrenched bureaucratic processes, vestigial inertia and an existing 

mindset would have to be overcome. Given that the existing system yields relatively 

accurate budgets, any new budgeting process will likely face resistance by those at 

Headquarters responsible for developing current budgets. Also, a requirements-based 

budgeting system will undoubtedly be more complicated than the current system because 

the current system uses only historical data. Building a robust model such as this for large 

installations, or for the entire Army, will be challenging but is entirely feasible. The model 

that was built for this thesis was for the Presidio, a relatively small installation, and one 

with which the author is very familiar. To replicate this model on an Army-wide scale 

would require appropriate resourcing. 

In addition to the technical challenges, there may be complaints that the model is 

flawed or that certain operations cannot be modelled with sufficient accuracy. This would 

especially be the case if the model caused pressure to cuts to the utility budget, and this 

argument would not be without merit. No model can reflect reality exactly, and in this case, 

there are assumptions made because many facilities do not fit well with the ASHRAE 

codes. But any complaints about funding levels could yield positive results for the Army 

as it would force scrutiny over where the energy costs are coming from. And across the 

large population set of the Army, the law of large numbers should average out highs and 

lows to allow a reasonable overall budget. 

One of the most difficult parts of the model is converting energy usage to cost. Even 

if the model fit the energy usage exactly, predicting a utility budget may still be 

challenging. This is because utility rates are complicated and not based solely on energy 

usage. Most rates also include demand charges, transmission costs, taxes and, often, more 
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complicated factors such as different time of use, and/or time of season rates. For 

simplicity, at least at the outset, a blended rate would be used across the board. This rate 

would incorporate taxes, transmission fees, demand charges, and others as deemed 

appropriate. This would also encourage a garrison to enroll in programs such as demand-

reduction programs that save money.  

Another issue is building into the model an accurate energy ratio―gas versus 

electric―for each building. The EUI given in Table 6 is the estimated overall energy 

(electric and gas) used per square foot. Most facilities use electricity and natural gas. And 

because the costs per unit of energy for electricity and gas typically differ widely, it is 

necessary to have an idea of how much of the total EUI is for electricity versus gas. 

Significantly, different buildings have different gas-to-electricity ratios. For example, at 

Building 344, the data center at the POM, there is no gas service, so the building is heated 

with electricity, which is a more expensive way to heat. The model may accurately project 

the energy usage but therefore underestimate the cost for buildings where the energy type 

is not known exactly. 

As with any budgeting system, incentives may arise for “gaming the system.” For 

example, this method would incentivize the practice of keeping properties on the books, 

even if they are mothballed, to obtain utility funding. But there is already an incentive for 

this practice because maintenance funding is based on the current square footage as well. 

Therefore, this “gaming the system” should be addressed regardless of using this utilities-

budgeting model. 

An important challenge is calibrating the spreadsheet model. The goal of the model 

is to develop a budget for an entire installation. Because each installation is unique, it is 

challenging to calibrate the model in a systematic way. If we were to compare this to a 

company like Walmart or Home Depot that has the same type of building across the 

country, we would likely find that they have a good idea of what each building should cost. 

The solution to that seems to be using as much building-specific data as possible. Any 

individual building that has an individual meter, either a utility revenue meter or an Army 

submeter, should be analyzed to determine the accuracy of the model. By using refined, 

building-specific data, a relative degree of accuracy may be developed for entire garrisons.  
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Another challenge, although it would be a good problem to have, is how to deal 

with installations that cost less than the projected amount, not due to efficient buildings but 

because of large investments in photovoltaic (PV) projects. These solar projects could 

make it look like an installation is performing really well. In the most extreme case, 

consider an installation designed with ample solar power as to have virtually no electric 

bill. Based on the budgeting method proposed, the installation would get to keep the extra 

utility budget for quality-of-life or other energy projects. One might ask whether this is fair 

or appropriate, given that Army funding paid for the solar projects up front with the 

expectation of savings? This may not be a frequent problem but it does bring up questions 

of how to handle the savings on bases that have been funded for large solar or wind projects. 

Similarly, adjustments would need to be made to the model for a garrison where a 

large percentage of the base was supplied with electric power from a solar power purchase 

agreement (PPA) that has a lower rate than the local electric rate. Should the model use the 

higher rate and then let the installation keep the delta?  

A final related example is repayment of third-party financed projects in which the 

Army essentially takes a loan to pay for energy projects and repays it over 10 or 20 years. 

The repayments are paid out of the BOS utility budget and must be accounted for in that 

MDEP. But the utility-funding model would not take these costs into account. These 

financed projects are often a good deal for the Army because they allow for much-needed 

work to be done at no upfront cost. As long as proper maintenance is accomplished and the 

savings continue as planned, they can make economic sense. But they present a different 

strategy to a project that is funded upfront and the savings go to the Army every year. It 

would be necessary to factor into the model the different way the repayments are paid. 

B. OPPORTUNITIES PRESENTED BY THIS THESIS 

The primary opportunity presented by this thesis is for the Army to reduce utility 

costs. This would be done by using the model to set objective energy-consumption and 

utility-cost targets and, then, by applying pressure to garrisons to meet those targets. Even 

if Army headquarters simply conveyed to the installations that they were not meeting the 
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energy-consumption targets, there would be external pressure from oversight that may lead 

to opportunities for savings. 

The second opportunity would be for the Army to more accurately assess the actual 

progress of the energy program. Because the measure of success has been a relative gauge 

to this point, there hasn’t been an objective measurement of how the Army is performing. 

By comparing energy usage to real benchmarks, a more objective analysis could be 

performed. Realistically, this may not be of interest to the Army headquarters because 

simply meeting the current reduction goals is challenging. 

Another opportunity is a forward-looking way to utilize the recent investments in 

meters and the wealth of existing data to develop aggressive energy targets and energy 

savings. Historically, many installations had one electric meter for the entire installation, 

so granular data was challenging to obtain. But in recent years thousands of buildings 

throughout the Army have been metered through the Army Metering Program. These 

meters provide an opportunity for calibration of EUI data for many different CATCDS 

across all climate zones. While the funding model proposed in this thesis would have been 

possible to develop 10 years ago, it would have been virtually impossible to evaluate with 

any granularity. Now the opportunity for a large database similar to CBECS is possible 

across the Army.  

Another opportunity is that this model provides further impetus to clean up 

CATCDS at Army garrisons. CATCDS should be verified because buildings have changed 

functions over time. Most garrisons probably need to go through this process. Accurate 

property data are crucial to effective facilities management, and many other benefits can 

be realized by to putting attention to Army real-property records, namely inventory of 

category codes, building data, and equipment. 

There is a real opportunity for learning across the Army energy management 

community. A database of energy intensities across CATCDS in different climate zones 

would allow energy managers and engineers to compare and benchmark their own 

facilities. It also would allow a data set for deeper investigations and to assess opportunities 

for more savings. This data set would serve as a tool that would become more robust over 
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time. And the actual data would inform future designs on what EUI’s are possible for 

particular CATCDS. Additionally, the increased scrutiny by building an energy budget 

from the ground up would give energy managers information on where to focus their 

energy. 

Lastly, a major opportunity from this model is to develop a system that allows 

garrisons to retain savings from implementing energy projects. By using an objective 

budgeting methodology, there is a fair way to provide savings to garrisons doing well. This 

method could provide a solution to the vexing question of what to do if energy is saved but 

costs still rise due to higher rates. By tying retained funding to the modeled energy usage, 

the higher rates are considered, so that garrisons are not penalized. This works the other 

way as well; that is, if energy is not saved but costs go down due to lower rates, there would 

not be a cause for retained savings. 
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VI. CLOSING SUMMARY 

A. CONCLUSIONS 

1. The requirements-based modeling approach used in this thesis is a valid 

method with potential benefits. The model provides a baseline for future 

work on this topic. 

2. Although the Presidio example yielded predicted results quite far from the 

actual amounts, this does not invalidate the conceptual approach used. It 

could mean that the EUI targets used in the model were too stringent or 

that Presidio’s buildings are not as energy efficient as they should be. It is 

probably a combination of the two.  

3. If nothing else, the model shows that the process of using EUI targets 

across a real-property database is useful in developing EUI portfolio 

targets. 

4. A requirements-based approach can fundamentally shift the way we 

analyze our progress on energy and cost saving. The Army needs to be 

able to have targets based on an absolute benchmark, not just a relative 

one, in order to make its building stock more efficient and cost effective. 

5. One challenging aspect of the model is converting energy usage to dollars. 

A more systematic method than the one used in this thesis would have to 

be developed.  

6. A more sophisticated model, using EUI data from across the Army, would 

provide insight into how our facilities compare with the commercial 

sector. Also, aggregating the data across facilities Army-wide would 

provide for a more accurate model. 
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B. RECOMMENDATIONS 

1. Test the model at pilot sites: work with the Construction Engineering 

Research Laboratory (CERL) or a contractor, to develop a better tool than 

the Excel model created for this thesis.  

2. Create a process to allow garrison energy managers to benefit from this 

modelling approach- namely retaining energy savings. 

3. Modify the model to include age and equipment factors, so the EUI target 

is shifted to account for older buildings or buildings that do not have 

HVAC equipment. 

4. Phase in the process through a voluntary system: Some garrisons may not 

think it is worth the effort, in which case it may not be worth forcing them 

to use it. For those that do make the effort, the model should be used as a 

carrot, which could be the chance of retaining funds. 

5. Continue to improve real-property data: A key benefit will be a validation 

of the Army real-property data. This is something that hampers the Army 

on many levels. Presently, there is little incentive to identify errors and 

make corrections. A formalized validation of the data would be a 

prerequisite to using this system. Also, do random audits to hold real-

property record holders accountable. 

6. Even if garrisons do not volunteer to use the model, Army HQ could use 

this model to provide them with a “should cost” number. This would let 

them know how far off they are from the target.  

7. Determine if this EUI budget tool is to be used like a cudgel or a nudge. 

This will determine how aggressive the requirements would be to meet the 

targets. A severe approach may aim to save more money but could hurt the 

way this technique is received by garrisons. Perhaps, an initial approach 
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would be to use the budget tool for information at first, and after a few 

years, begin to use it as an influencing tool. 

8. Due to the challenges of building an accurate model, there should be built-

in allowances or “fudge factors” to account for modeling inaccuracies. 

The goal is to refine the model over time. Now that many buildings are 

metered, it should be possible to isolate where discrepancies occur. For 

example, we may be able to isolate energy-intensive infrastructure like 

radar towers that are not common or have no corollary in the commercial 

sector database.  

9. Use new QUTS MDEP to begin to track utility costs at each garrison; 

even if it’s not used to change funding levels, make the data visible. 

10. Make improvements to AEWRS to analyze not just EUI but also total 

energy and total cost; make progress graphs; attempt to align the numbers 

that Resource Management (RM) uses in the General Fund Enterprise 

Business System (GFEBS) with the numbers that energy managers input 

into AEWRS. 
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APPENDIX A. UTILITY FUNDING MODEL 

Table 5. Real Property Data and ASHRAE Codes Used. 
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Data compiled from sources outlined in Chapter III. 
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Table 6. Facility Numbers and Modeled Energy Usage and Costs. 
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Data compiled from sources outlined in Chapter III.
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Table 7. Comparison of Actual Energy Usage and the Variation from 
Modeled Usage 
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Data compiled from sources outlined in Chapter III. 
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Table 8. Comparison of Actual Energy Cost and the Variation from 
Modeled Cost. 
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Data compiled from sources outlined in Chapter III. 
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APPENDIX B. TABLES FROM THE SDD POLICY UPDATE 

Table 9. Energy Use Intensity Targets for Buildings Built After 2008. Source: Hammack (2017, Table 1). 
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Table 10. Energy Use Intensity Targets for Existing Buildings Undergoing Major Renovation. 
Source: Hammack (2017, Table 2). 
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Table 11. Correlation of Army CATCDs to ASHRAE 100 Facility Types. 
Source: Hammack (2017, Table 3). 
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